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OBJECTIVE CRITERIA FOR EVALUATION OF GRADING SCALES

The wide use of sophisticated multivariate measures sometimes leads

us to overlook possible margins for improvement in the component uni-

variate measures. The academic grade is, from one standpoint, an ex-

ample of such a univariate measure. A single grade is typically used

to summarize a-multivariate collection of measurements and judgments of

student behavior in a given course. Frequently, there is some inter-

mediate measure such as the numerical sum of scores given on various

tests and evaluations. The objective here will be to review some ways

to assess the loss in information contained in these intermediate uni-

variate measures through transformation to sub-optimal rnivariate grade

scales. The loss of information due to combination of multivariate

measures into a univariate measure will not be covered. In the course

of this review, explicit application will be made of some representa-

tive criteria which appear to be implicitly- used by those who have

selected certain presently used grade scales.

Criteria appear to be of two types; (1) those leading to grades

which imply a continuum of performance and (2) those which imply dis-

crete- categories of performance. An example of criteria which imply a

continuum of performance is the product-moment correlation coefficient

as used by Willingham (1964) to measure effects of use of different

grading scales on validity coefficients. Simple objective criteria of

categorizations are more difficult to find but measures such as the

total number of correct categorizations are representative.

Since some type of 3-category grading scale (e.g. A-B-C-D-E) is

probably most widely used in U. S. colleges we will begin by evaluating

a selection of such scales.

Category Size

One approach to the translation of test scores into grade categories

is to define the grade category size in terms of standard deviation

(s.d.) units of the observed score distribution. If the underlying



distribution is normal it is obvious that only the middle three_categories

of a 5-category scale can conform to the specified size. Since the normal

distribution is 'unbounded the two "outer" categories must each have one

bound undpecified so as to include all extreme values. If we decrease

the size of the three central categories we find that as the category

size approaches zero, the central categories tend towards insignifi-

cant size and we obtain a 2-category scale (the extreme categories) as

a limiting-case. On the other hand, with increasing central category

size (hereafter abbreviated "CCS") we find that more and more obser-

vations fall into the center category, al-category scale is ultimately

approached. As can be seen in Table 1, by the time a CCS of about 1.6-

s,d. is reached the grade_scale has become effectively a 3-category scale.

TABLE 1

Distribution of Ss on 5-category-scales

CCS

of-Varying'Central Category- -Sizes

Category

A B C D E

.0 .50 .00 .00 .00 .50

.2 .38 .08 .08 .08 .38

.4 _.27 .15 .16 .15 .27

.6 .18 .20 .24 .20 .18

.8- .12 .23 .31 _.23 .12

1.0 .J7 .24 .38 .24 .07

1.2 .04 .24 .45 .24 .04

1.4 .02 .22 .52 .22-' .02

1.6 .01 .20 .58 .20 .01

Note.--CCS is instandard_deviation units.

An application of the criteria mentioned above would be the selection of _-

one of the category sizes in this range as optimal for some related

purpose._
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Grade Scaling Model

By use of Pearsons tables of volumes under a bivariate normal

surface for different values of p (Pearson, 1931, Tables VIII and IX),

it is possible to construct 5 -x 5 contingency tables which represent

the number of joint categorizations on two scales having a population

correlation of p and a given sample size N. Such tables were con-

structed for N=1,000,000, p = 0, :50, .70, .95, and 1.00 and for the nine

CCS values used in Table 1. Table 2'shows one-such table. = In each

case it is assumed that the scores on the two measures being compared

are

TABLE 2

= : Sample Cont= ingency =Table

Joint Distribution of-Scores on Two Scales

A 0 0 16 16237 50554

B 0 27 . 44512 180954 16237

C 16 44512 293870 = 44512 16

16237 180954 44512 27 0

ID 50554 16237 16 0 0

E D C B A

Note.--p=.95, N=1,000,000; CCS=1.0

lbased on an underlying=continuous bivariate normal distribution with

-- parameter p. In the following discussion examples using p = .95

will be emphasized since this is close to the value of .94 suggested

by Kelly (1927) as the minimum degree of relationship necessary for

measures of individual accomplishment.

Correlation

For each contingency table we can compute the product-moment cor-

relation coefficient, r. Figure 1 EthoWs the relationship of r to CCS



Figure 1. Evaluation of 5-category scales of varying
Central Category Size-by three criteria. Underlying population

is bivariate normal with p se .95.
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for p = .95; It will be noted that r is less than p for all values of
CCS. There are "coarse grouping" formulas available for correcting r
as an estimate of p (e.g.,Peters & Van Vorrhis, 1940) but aside from
the fact that they produce poor approximations as p approaches unity
(Kelly, 1947), they= are of little value here since our interests lie
in the relationship exemplified by r- rather than by p.

If r is to be maximized, Figure 1 indicates the optimum value of
CCS (for p = .95) is about .4 s.d. For lower values of p the optimum
value of CCS_ increases and at p = .50 it is about .8 s.d-.

The -actual interpretation_ -of r of_ course depends-ion how -the two
scales represented -by-_the- --,:oritingen-cyz-tablea-ara=defined-._ If :the -WO--

asures_ri
ird-t-Or-iaddra--

.ter- ion = -score7

-o_trfOrth=.1

enu er= _of =Catego-rie

_-er ormance-- ,grade-i

-el_ -(1965)-f,

magnitude =of _r=

sire& an-

scales _with large -e-

ra es

has-poihte roht, acr: e eve==-=t one--can:re duce -the

effect of Unreliable==maaShrea=_ redtitihr of grtde -categorie--
ductiOn_=-of---the---nutbetOUdate-g-OrieS-----siMply-recitices-the of-

=the= _measure --s til-1-Emore=.

Total= Correct Classifications-

The =di= agonal :cells -in -Table for-=which -=the= Seale =grAcle- o_cdurai=on_

both acalea-i-cohtaih- the---"-true"- olaSsifIxAtions.- The--_pro-pOrtiOn: --z- _

-
O-f=,-obsiervatibrit ,falrifigfitith=thasa;nd-Orrect-,cella )

criterion--for evaivatihg --=Ebel7f(19:411---has- shown- that although

this criterion- VarieSf-diredtly--with-p- otherwise of _qUeStiOnale-

Yiture 1 of _I"- =
T

Comgari-soh_ -of- chrVes =for siArr4,-_:P _lotiowithAt -- maximum 1,04 Traittimtud ET

occur- at almost_ the ==came= -Occur when

-CCS is zero ( the 2citego ---AoAle---11-mitingiconditIOn) or -infinite -tthe_



-A;;categorT:scaIe_=-1-imitinvcondition e- -latter-maximum-4w Unity for- all
ossible =sclassiffr-wher--,aly-one"---categoryr-is-

--z able): WI& =_foirraer=ls unity-- ==only generalZ-the-Nalue- of
nverseiy=zetate-d: r-tite-iunaber- of categories used.

if =the- aim-= r---to_=ma zei== = _total number -Of==_correct--__clessifieations-i-=

one= should = use - imurvpos-sibte-iin- c_atego



-_-- -Mean= tiona-1°P-robabli ty-

Table 4= is 'the mat-rik-,(-Cronbattit & Giese 1957) :cons trd-cted=_-_- _

=info rniati onA.n- -2-_-,- -,--1Tabre-2-4,_=is--=simply a table of the -don-

tinnal---p tobabklItits:_lof rkati-o-n =falling ==in any 'date gbry'- df --One

-s- on_ tifeirdth-e _scale_ -(e4 g._

when the=

1 which



probability that = any individual P--; should =be -used.

thdortunately,- -P- to--the--_-=same----resultai only =in the special
T-

case -of uniform ,distribution,,of =observatibna z dross- iall-'categories,;

-_Co a son-irof- -Criteria-=

4at- =sitributidnaF which

e acceptable interesting

Even at face value, neither of the two categorization=triter

would.hemlikely to be acceptable as the sole criterion for devel=o
a-sc-a= Categorization is generally done for some immediatepur

termine those who must repeat the course, those who_ n

tinuew the next course, and those who are so advanced t
skip e _ond the next course. The categorization criteria gi

alone, would provide reliabilitywithout-guarantee
va erefare= rathet

Toe- -Atirliiiiweatic ego categorizationcri
-TT



if on zat on- s re vious necessa
mate-

Atticnis
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Conclusions

Neither the 5- category nor the 3-category scale is optimal for

either the prediction or the usual (pass-fail) categorization _problem.

_Every single -score grading systetn which must provide information for

both of these objectives is a Compromise. The "pass-fail" marking

systems reduce the task of the instructor t : t critical de-

cision rather than the four required for a .4.14tegory system but At

the same- time act as- A- filter for much- of the --predictiVe information

savatlAbie -from- -clasarood-aeasures-. -"CurVing" -Frades td fit a normal

is tr-ibut ion =with_ A-predeterniine-d-izpasafails=poirit- -removes-the_ _re.,

uirerent for any= instructor's decision while _providing for a fair

amotmt of linear prediction at the cost o ossibl invalid pass-fail

tegor zatiot4- radin stemsa

s_truc
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Appendix*

Suppose we wish to examine the -degree to -which grades given the

_ fi rst- semester- of a- 2-semester -course correlate with grades siven in

e tecond semester of -the course. In addition we -wish to determine

what effect expressing- the grades in terns of stanine scores might have

on such a validity coefficient.

Four paire -of -classeswere examined.- case a raw score

based =on -the _sum --of -Scoresi-ori all --tests giVen----during=m-the -semester was

available:- A _s tanin-e--- tranS format ion__--was_ =independently=-performed= on

these raw scores- for-each-Of the eight-iclassee.-- The correlation be-

tWedwi-raw-_s_coree, -be tween-gradee, :betWeen--s-stanine -s-cores was -then=

=de-termiried forr-those -stti -oth-_Tsemesters._ ;Ite-sultS

-6-lelt4:Mape tie-on

The *dataizepresentrt retticat-ei -:Most

-e ec s__ ett on-asf:geni

e fa uate =tbdtSe-, sassi - -Even-

ergra uatetourte=,Onl u ents-iwho=- took-the:-

-Itrgemester-icoursealeritO econ&-eemester. ==ex

cted dee -a t-seinetteri--

stanine 6 trire"- -_leteeter=Stddent.-_-

i= _addition_ to__ the tenua f- eteritialI

ewe ate= lo_ uce _nonl several instances
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for either grades or raw scores.

While stanine scores did not show uniformly highest validity

coefficients for these data they_ did account for an average of about

6% more variance than grades did. This improvement over grades is

probably-due to the joint effect of increased numbers of categories

together with reduction in nonlinearity of regression. A linear

transformation of raw scores to a 9=category scale would n(=t be

xpected =to have the latter benefits. =An_additional drawback of

simple linear transformation is that it requires more work than

the stanine transformation.
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